and to provide opportunities for nurse researchers, The Nursing Leadership Educational Program for Doctoral Nursing Students and Postdoctoral Nurses (Nurse Lead) was launched as the first of such measures. It was carried out in collaboration between universities in six European countries aiming to direct doctoral researchers into an academic career by expanding their educational, research and leadership competences (Nurse Lead, 2018) .
In pursuing a research career, PhD degree is the first step continuing as a postdoctoral period. For supporting the research career, the European Union has prepared a reference tool to make research career structures more comparable across employment sectors and countries. The European Framework for Research Careers has introduced four broad career profiles from a PhD student to a leading researcher applying to all researchers, offering a bridge across national or sectoral boundaries (Academy of Finland, 2016; EU, 2011) .
To succeed in their contemporary role, doctoral researchers are expected to have several competences. Defining competence has been found to be a matter of debate; however, immersing in this debate is beyond the scope of this review. Here, competence is defined as 'an acquired personal skill that is demonstrated in one's ability to provide a consistently adequate or high level of performance in a specific job function' (National Postdoctoral Association [NPA] ).
Although several frameworks of required competencies exist, doctoral researchers' competences have also been the focus of several studies, many of them dealing with doctoral researchers' own perceptions of essential competences (Anttila, Lindblom-Ylänne, Lonka, & Pyhältö, 2015; Durrette, Fournier, & Lafon, 2016; Mowbray & Halse, 2010) . A comprehensive, evidence-based view based on multiple data sources would add and corroborate knowledge of the competences needed in the beginning of a research career and beyond.
This scoping review aims to present competences required of doctoral researches retrieved from studies using systematic data search procedures from relevant databases covering the years 1990-2018.
Furthermore, existing competence frameworks will be analysed and compared with competences retrieved from the reviewed studies.
| Existing competence frameworks
The challenges of contemporary doctoral career development have led several international bodies and organizations to develop competence frameworks to provide future researchers with an open, transparent and compatible training system to undertake research or to participate in the labour market in Europe or globally (EU, 2017) entailing the notion that doctoral training is seen more as a process than as a one-time product (Mowbray & Halse, 2010; Park, 2005 ; Table 1 ).
The Bologna process was initiated with the Bologna Declaration in June 1999 as a joint declaration of the European Ministers of Education and as an intergovernmental cooperation of 48 European countries. The primary objective was to establish the European Higher Education Area (EHEA, 2010/www.ehea.info) to ensure that higher education systems across Europe are compatible and that students, researchers and academics can collaborate, study or work abroad more easily making Europe the most competitive and dynamic knowledge-based economy in the world (EHEA, 2010; EU, 2000) . The following documents support this goal. (Vitae, 2010) . RDF aims to influence the implementation of effective policy relating to researcher development, to enhance higher education provision to train and develop researchers, to empower researchers to make an impact in their careers and to evidence the impact of professional and career development support for researchers (https ://www.vitae.ac.uk/about-us).
In all these existing frameworks, the interest lies in the beginning of a research career, including PhD education or postdoctoral phase, or both. They also have many similarities in the competence domains. In the following chapters, we will analyse the existing scientific research in the field of competences, in terms of used methodological choices and creating, defining or using the competences.
| ME THODS
This review followed the reporting guidelines of PRISMA Extension for Scoping Reviews (PRISMA-SCR; Tricco, Lillie, & Zarin, 2018) and the five-stage framework developed by Arksey and O'Malley (2005) . This scoping review was undertaken as two-pronged focusing first on the findings concerning the required competences for a researcher career and, second, on the methodological choices used in the studies. The search strategy provided a total of 2,687 articles including 37 articles found through manual search. After removing duplicates (N = 498), the titles of 2,189 articles were screened with 1,473 articles excluded and abstracts of 716 articles screened with 658 articles excluded, leaving a total of 58 articles for reading of full text, of which 14 articles were excluded. This left 44 articles to be included ( Figure 1 ). Two researchers independently assessed the studies based on the title and abstract. After a consensus was reached, full texts of the selected studies were assessed independently by the same two researchers.
| Stage 1. Identifying the research question

| Stage 4. Charting the data
Charting the data focused on describing the following study characteristics: author/s, year of publication and country of origin and competences required by doctoral researchers. Methodological choices were research 
design; setting; sampling; data collection and data analysis; and considerations concerning study limitations and research ethics (Table 2) .
| Stage 5. Summarizing the data
Collating, summarizing and reporting the results were conducted in accordance with the research questions using both quantitative and qualitative analyses in description of the studies.
| RE SULTS
| Required competences for a researcher career identified in the scoping review
The competences of the researchers included management of 15 domains: (1) research field; (2) research skills; (3) research ethics; (4) cognitive competence; (5) self-management; (6) research (Tables 1 and 2) .
| Management of research field
Management of research field entailed a vast discipline-related knowledge base (Freeman & Kochan, 2012; Lou & Chen, 2008; Pitt & Mewburn, 2016) and fundamental knowledge of research and study management (Harland & Plangger, 2004; Lambie, Hayes, Griffith, Limberg, & Mullen, 2014; Maynard, Labuzienski, Lind, Berglund, & Albright, 2017; Murakami-Ramalho, Militello, & Piert, 2013; Petr et al., 2015) .
| Management of research skills
Management of research skills referred to understanding of the scientific method and research process (Harrison, Hernandez, Cianelli, Rivera, & Urrutia, 2005; Stubb, Pyhältö, & Lonka, 2014) .
Knowledge of research methodology included managing databases and searches, knowledge of research designs and an ability to formulate research questions, to know and elaborate research frameworks and to be familiar with statistical programmes and analyses (Baltes, Hoffman-Kipp, Lynn, & Weltzer-Ward, 2010; Harrison et al., 2005; Lim, Daniels, & Watkins, 2008; Sunderland, 2004) as well as scholarly and researcher skills including writing research proposals (Hyatt & Williams, 2011; Lou & Chen, 2008; Welton, Mansfield, Lee, & Young, 2015) .
| Management of research ethics
Management of research ethics referred to knowing the ethical principles of research including ethics and legal practice related to research design, data collection, dissemination and use, human subject protection and confidentiality and specific populations (Huber, Fennie, & Patterson, 2015; Löfström & Pyhältö, 2014) . It refers to having integrity (Skoulas & Kalenderian, 2012) and to taking responsibility in carrying out research (Baker & Pifer, 2011; Freeman & Kochan, 2012) . Professionalism was also included as an element of ethics management. It entailed commitment to professional development, professional behaviour in the form of researcher identity and independent scholar (Baker & Pifer, 2011; Horta, 2009; Murakami-Ramalho et al., 2013; Pitt & Mewburn, 2016; Romano, Townsend, & Mamiseishvili, 2009; Saunders & Cooper, 1999; Sorge, Bennett, & Milligan, 2018) .
| Cognitive competence
Cognitive management referred to an ability to generate research ideas, to construct theoretical models and theories, to formulate policies and to establish research programmes (Harrison et al., 2005; Welton et al., 2015) . Cognitive competence entailed intellectual flexibility and ability to see things from multiple perspectives as well as critical and innovative thinking (Anttila et al., 2015; Brodin, 2016; Freeman & Kochan, 2012; Hyatt & Williams, 2011; Lee, 2008; Lou & Chen, 2008) . Evaluation skills in reading research critically and assessing research validity were expected competencies (Harrison et al., 2005; Huber et al.., 2015; Saunders & Cooper, 1999) .
| Self-management
Self-management manifested itself as research and supervisor self-efficacy (Baltes et al., 2010; Frick & Glosoff, 2014; Huber et al., 2015; Lambie et al., 2014) 
| Management of research communication
Management of research communication meant scientific productivity through publications and oral presentations (Freeman & Kochan, 2012; Horta, 2009; Hyatt & Williams, 2011; Welton et al., 2015) .
This entailed an ability to write and review academic articles (Anttila et al., 2015; Ferguson, 2009; Freeman & Kochan, 2012; Lariviere, Sugimoto, & Bergeron, 2013; Petr et al., 2015; Welton et al., 2015) and to learn, prepare and receive critique in writing (Caffarella & Barnett, 2000; Can & Walker, 2011) . Knowledge exchange and facilitation and dissemination of research findings were required (Anttila et al., 2015; Harrison et al., 2005; Horta, 2009; Murakami-Ramalho et al., 2013; Pitt & Mewburn, 2016) . Understanding the culture and politics of the university and department and supporting their mission in increasing programme and university prestige were expected (Hyatt & Williams, 2011) .
| Management of team working
Management of team working meant building and being active in scientific community including peer collaboration and student contacts (Baker & Pifer, 2011; Hyatt & Williams, 2011; Larcombe et al., 2007; Lim et al., 2008; Murakami-Ramalho et al., 2013 (Ferguson, 2009; Foot et al., 2014; Freeman & Kochan, 2012; Holley, 2015; Hyatt & Williams, 2011; Naylor, Chakravarti, & Baik, 2016; Sorge et al., 2018; Welton et al., 2015) .
| Management of team leadership
Management of team leadership meant ability to establish and lead research teams and to manage research projects independently (Harrison et al., 2005; Lee, 2008; Skoulas & Kalenderian, 2012; Sorge et al., 2018) . It also entailed administrative and communication skills (Pitt & Mewburn, 2016; Romano et al., 2009 ) and an ability to influence (Skoulas & Kalenderian, 2012) . Crisis management, conflict negotiation and resolution including dealing with difficult personalities and advocacy skills were expected (Romano et al., 2009; Skoulas & Kalenderian, 2012; Sorge et al., 2018; Welton et al., 2015) . Also, knowledge of organizational strategies was important (Romano et al., 2009 ).
| Management of resources
Management of resources entailed identifying funding and abilities to write CVs and to apply grants (Freeman & Kochan, 2012; Harrison et al., 2005; Ku, Lahman, Yeh, & Cheng, 2008; Pitt & Mewburn, 2016; Romano et al., 2009; Saunders & Cooper, 1999) .
| Management of career
Management of career referred to setting goals and improving employment opportunities. For doctoral researchers, it entailed job searching skills and a strong motivation to seek advanced education and academic career as personal goals (Ku et al., 2008) .
| Management of pedagogical elements
Management of pedagogical elements referred to the ability to teach at the university level (Harland & Plangger, 2004; Ku et al., 2008; Petr et al., 2015) . Teaching required scholarship both in teaching and research, pedagogical understanding and knowledge of teaching and learning theories (Anttila et al., 2015; Hyatt & Williams, 2011; Maynard et al., 2017) . It also required knowledge of accreditation and educational policies (Maynard et al., 2017) and experience with organizational trends in teaching (Hyatt & Williams, 2011) . Doctoral researchers had to manage different teaching methods and use of technology in teaching. Teaching also required skills in classroom management and management of course and curriculum designs, in student evaluation and assessment. The teacher role included (Continues) mentoring and supervision, which should be student-centred, flexible, frequent, academically and psychologically supportive (Doyle, Jacobs, & Ryan, 2016; Hyatt & Williams, 2011; Maynard et al., 2017; Nelson, Oliver, & Capps, 2008; Oktay et al., 2013; Sorge et al., 2018) .
Speaking and presentation skills and role modelling were attributes of a professional teacher (Freeman & Kochan, 2012; Welton et al., 2015) . Teaching research, ethics and philosophy were mentioned as teaching contents (Harrison et al., 2005; Hyatt & Williams, 2011; Maynard et al., 2017) . At personal level understanding human diversity, commitment to lifelong learning and practice of self-assessment were essential. Self-assessment and self-reflection included acceptance of feedback and focusing on personal development as a teacher (Hyatt & Williams, 2011; Maynard et al., 2017; Oktay et al., 2013) . Teaching skills developed doctoral researchers' professional identity (Harland & Plangger, 2004) . However, Jepsen, Varhegyi, and
Edwards (2012) regarded research skills more important than teaching skills in assessing PhD students' merits.
| Management of the implementation of research results
For doctoral researchers, it meant an ability to discuss research with healthcare professionals working in practice (Larcombe et al., 2007) .
| Future visions
As future scholars, doctoral researchers were expected to have intellectual flexibility, be critical thinkers managing academic argumentation and be creative, innovative and adaptive in their thinking (Anttila et al., 2015; Brodin, 2016; Chen, 2014; Freeman & Kochan, 2012; Hyatt & Williams, 2011; Lee, 2008) . Long-term planning skills were expected (Baker & Pifer, 2011) .
| Management of technology
Management of technology referred to understanding communication technologies and managing virtual communication thus being able to use technology in research, teaching and collaboration (Huber et al., 2015; Hyatt & Williams, 2011; Lim et al., 2008; Maynard et al., 2017; Murakami-Ramalho et al., 2013) .
| Intercultural management
For doctoral researchers, it meant ability to work with diverse groups, to accept and value others and to understand diversity of students in the teacher role (Hyatt & Williams, 2011; Maynard et al., 2017) .
| Methodological choices of the studies
| General description of the studies
Retrieval of articles (N = 44) from 1990 onward showed that only the turn of the millennium revealed an increase in interest in studies focusing on competence requirements of doctoral researchers. Since then, the increase of interest has been rather fluctuating, the number of publications ranging from 0-7 per year. The studies originated from nine countries, the United States being the most productive in number of publications (N = 27; 61%). In other countries, the number of publications was five (Australia), three (Finland), two (UK, Canada) and one (Jamaica, New Zealand, Portugal, Taiwan).
| Research designs and settings
The research design was qualitative in a half of the studies (N = 22;50%) and quantitative in nearly one third of the studies (N = 13;20%), the rest being mixed-method studies (N = 9;20%) ( Table 2 ). Most studies were descriptive, some complemented with a correlational design. All were carried out in university settings, the majority in the field of education or in multidisciplinary contexts. Other studies represented social and health sciences (Table 3) .
Researchers represented various stages of doctoral studies, or the stage of studies was not specified.
The main participant group in the studies were doctoral students. Furthermore, academics in different positions formed the other participant groups. Data were also retrieved from various documents. Particularly, the number of university presidents in one study (Freeman & Kochan, 2012) and the number of scientific articles analysed in another study (Lariviere et al., 2013) increased the total number of university academics and the number of documents (Table 3) .
| Data collection and analysis
In the quantitative studies, the most used data collection method was a structured questionnaire. The majority were tailored structured surveys, some added with a few open-ended questions. A few validated instruments were used to study selected factors related to competences.
In qualitative studies, the most used data collection method was a structured or semi-structured interview carried out either individually or using a focus group. Data were also collected from published documents ( Table 4 ). All data collection methods were based on participants' self-perception apart from document-based data.
Statistical methods were applied in quantitative studies, and inductive or thematic content analysis was mainly applied in qualitative studies, including mixed-method studies. Several other qualitative analysis methods were applied in individual studies (Table 4) .
| Limitations and research ethics
A half of the studies reported limitations. The most common limitations were a small sample, a single or limited study site and a moderate or low response rate (Table 5) .
About a third of studies reported ethical considerations. Ethical committee or the institutional review board approval to conduct the study was reported in nearly half of the studies. Any ethically demanding issues needing ethical consideration were not reported (Table 5) . 
| D ISCUSS I ON
For the development of a discipline, the competence of researchers in the field is important. This scoping review provides a broad overview of competences required in the beginning of a research career, during the doctoral education or postdoctoral period. A description of existing frameworks and a scoping review of the scientific literature is presented. The main competencies identified in this review were seen as management of (1) Research Self-Efficacy Scale (RSES) (Bieschke, Bishop & Garcia,1996) 1 Constant comparative analysis 3 7
RSES (Greeley et al. 1989 Survey by Kane (1983) , modified by Fey and Carpenter (1996) Pitt and Mewburn (2016) , for example, speak about 'academic superheroes' in their analysis of universities' job advertisements concluding that further 'exploration of the "new academic" would help to better understand the nature and purpose of academic work in preparing research students'.
In the reviewed studies, pedagogical competences were prominent with research competences including leadership in research.
Pedagogical competences covered a large area of skills including not only traditional classroom teaching but also theories behind teaching and learning and awareness of educational policies. In supervisor role, a constructive management of student relationships was emphasized. The traditional career path of many PhDs has been to continue as university researchers and teachers may explain the importance of pedagogical skills.
Career management was the least addressed competence domain. In the context of the contemporary view of the PhD degree and researcher career also outside university, this competence domain should be addressed more profoundly (Hafsteinsdóttir et al., 2017) .
The studies and the frameworks mainly described PhD level researcher development from the perspective of western academic world. Although doctoral training programmes seem to be similar worldwide, researchers seeking employment globally, particularly outside academia and, for example, in developing countries, might benefit from research to cover countries where cultural specifications affect the working environment (Bogle et al., 2011) .
In terms of research designs, the studies used mainly a descriptive design offering evidence at a fairly low level. The findings were also extensively based on qualitative data using fairly small samples, limited contexts and researcher interpretations, all limiting generalizability (Polit & Beck, 2017) . Nevertheless, the competences did not differ from the competences of the existing frameworks (Vitae, 2010 ) thus having a corroborative value. Study settings centred on TA B L E 5 Limitations and ethical considerations (N = 44) the fields of education and humanities, particularly social sciences.
This prevalence may be explained by the basic nature of sciences, in that education and humanities focus on human development whereas natural sciences focus more on physical phenomena in nature. Participants' stage of doctoral studies was not emphasized but due to differences in doctoral programmes, their comparison would not have provided additional value to the review. However, various data sources in the studies widened the scope to define competences. Apart from data collected from various documents, the assessment of competences was based on participants' self-perceptions rather than objective analysis. Also including data collected from academics working with doctoral students provided perspectives to the discussion of competences.
Nursing science is not a separate entity among sciences. As the largest group of healthcare workers, nurses' contribution to the human health is significant. Therefore, educating high-quality nurse researchers is of a paramount importance to advance quality evidence-based nursing care worldwide. Project, such as Nurse Lead (2018), is an indication that nursing science has acknowledged and takes seriously the need to educate its doctoral students provided with competences needed in contemporary international research world (Hafsteinsdóttir et al., 2019) .
Discussion of limitations in the analysed studies was fairly scarce and trivial relating to methodological issues such as small sample sizes or limited study sites. Although the studies did not require to tackle with demanding ethical considerations, the scarcity of discussion of research ethics was evident even in fairly recent studies.
The review covered various scientific fields and relevant databases. However, the data were solely retrieved from empirical studies. The prominence of the qualitative and descriptive research designs brought along different perspectives to look at competences compared with the existing frameworks.
There is a need for focused research on organizations, and employers interested in doctoral level educated employees to gain knowledge of competences important in work life. Research is also needed on how doctoral researchers and their employers assess the impact of researchers' competences in terms of job requirements and research on culture specific competencies in the global environment. Although the majority of competencies identified in this review concerned PhD students, particular attention should be paid on postdoctoral competences which cover the expanded role of contemporary PhD researcher seeking international employment and career also outside universities.
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